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Abstract: The Natural Killer T cells (NKT) constitute a population of T lymphocytes that co-express an antigen receptor
(TCR) and a marker of natural killer cells (NK1.1). We have found that after stimulation through TCR, the NKT cells secrete
various cytokines that play an important role in the innate immune response and have a fundamental participation in the initial
stages of the immune response to many pathogens and tumours. NKT cells belong to a group of autoreactive T cells that are
generated in the thymus, which is why they have been found to play an important role in the regulation of different
autoimmune diseases, such as type 1 diabetes, systemic lupus erythematosus, multiple sclerosis, and others. Also, in adulthood
there is an aging of the immune system known as immunosenescence, where a decrease and alteration of the function of NKT
cells has been observed, which leads to a greater oncological, viral and autoimmune diseases. It has also recently been found
that these cells participate in bronchial inflammation in patients with allergic asthma as well as in rhinitis and atopic dermatitis;
having these cells a clear role in the regulation of various diseases and that has not been studied as a therapeutic target.
Keywords: Natural Killer T Cells, Autoimmune Diseases, Immune System Diseases

1. Introduction
Natural killer T cells (NKT) represent a group of
lymphocytes that participate in an innate immune response.
[1] The function of NKT cells has been extensively
investigated in recent decades, they have a fundamental
participation in the initial stages of immune response to many
pathogens and tumours. NKT cells have also been implicated
in the regulation of different autoimmune diseases, maintain
immune privilege, and play an important role in the rejection
of transplanted tissue [2-4].
The NKT cell antigen presentation system is through CD1
that belongs to a family of non-polymorphic molecules like
Major Histocompatibility Complex (MHC) class I,
presenting
glycolipid
antigens
such
as

isoglobotrihexosylceramide (iGb3; a lysosomal glycolipid),
phosphatidylcholine, and α-galactosylceramide (α-GalCer; a
synthetic sphingolipid) [5]. There are two groups of
molecules based on similar sequences: group I (CD1a, CD1b,
CD1c) that present both own and foreign glycolipid antigens
(mycobacteria) to T cells and group II (CD1d) that presents
own glycolipid antigens to NKT cells [6]. CD1d are
expressed by all hematopoietic cells, including mature and
immature T cells, B cells, dendritic cells and macrophages
[7]. The presentation of glycolipid antigens by CD1d to NKT
cells plays an important role in the synthesis and secretion of
immunoregulatory cytokines.
NKT cells constitute a population of T lymphocytes that
co-express an antigen receptor (T cell receptor; TCR) and a
marker of natural killer cells (NK1.1) [5]. They can be
broadly divided according to the kind of TCR that is usually
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expressed, αβ vs γδ (the first ones with a greater
predominance) [6]. NKT cells express different phenotypes
on their surface and it varies according to the studied species.
In mice, most NKT cells express an invariant TCR,
consisting of the Vα14Jα281 chain and a preferential use of
the chains Vβ8.2 (50%), Vβ7 (14%), y Vβ2 (7%); they also
express NK1.1 markers (CD161), Ly49, CD11a (LFA-1α),
CD122, CD28+, CD69+, CD45RB+, chemokine receptors
such as CCR2 and CCR6 (5). In humans they express the α
homologue chain Vα24Jα18 [8], as well as the chain Vβ11,
NKR-P1A (CD161), CD122, CD56, CD57 and other
molecules such as CD44 high, CD45RB low, CD62L high,
indicators of an activation/memory phenotype, and CD69,
early activation marker, CD28+, CD49d/e/f, chemokine
receptors such as CCR2, CCR5, CXCR3, CXCR4, CCR6,
CXCR6 (Figure 1). In recent years, it has also been found the
expression of the CRTAM molecule in both species, once
they have been activated by mitogens [5, 9].
NKT cells can be classified according to the expression of
the following markers: CD4-CD8- (double negative; DN),
CD4+ in mice, in addition to these markers, in humans it has
been found in a lower proportion CD8αα+, and CD8αβ+ [8].
In mice, NKT cells are located in sites traditionally
occupied by T lymphocytes, often in the liver (30-50%), bone
marrow (20-30%), thymus (0.3-0.5%), spleen, lymph nodes
(0.3%), peripheral blood (4%) and lungs (7%). In humans, in
peripheral blood 0.1-1% and liver <0.5% [10].
It has been found that after stimulation through TCR, the
NKT cells secrete IL-2, IL-4, IL-5, IL-10, IL-13, INF-γ,
TNF-α, GM-CSF, lymphotactin, macrophage inflammatory
protein (MIP)-1α, MIP-1β, y RANTES. This varies
according to the co-expression of CD4+, CD8+ or DN, as
well as the state of maturation of NKT cells and the age of
the host (in the umbilical cord of human neonates, it has been
found that NKT cells preferentially secrete IL-4 and in old
mice as in mature NKT cells secrete INF-γ) [6]. The
activation of NKT cells requires signals through TCR and
costimulatory molecules such as CD28, CTLA-4, CD80,
CD86, CD40 and CD40 ligand (CD40L), contrary to Ly49
which is inversely expressed with the NKT cell activation.
In this article, we will mention the mechanisms by which
NKT cells have been implicated in the regulation of the
immune response and how they play a crucial role in the
protection or development of various diseases. With age, it
has been found an alteration in the functionality of these cells
that promote the development of autoimmune diseases,
cancer and viral infections. This entity is known as
immunosenescence that will be briefly discussed in this
article.

2. Natural Killer T Cells and
Autoimmunity
NKT cells belong to a group of self-reactive T cells that
originate in the thymus, play an important role in the
regulation of different autoimmune diseases that have been

studied in both animal and human models. In animal models,
it has been determined that the activation of Vi NKT cells
through GalCer prevent autoimmunity and inflammation
[11].
In non-obese diabetic mice (NOD) that developed type 1
diabetes, progressive destruction of insulin-producing β cells
was found with mononuclear cell infiltration. In many
studies, it has been identified an infiltration of Th1-type
cytokine-producing cells that cause destructive insulitis [9,
12-14]. A decrease in the number of V14i NKT cells has
been found in the NOD mice thymus, spleen, bone marrow
and liver. An increase in the number of V14i NKT cells by
transfer or induction inhibits the development or progression
of type 1 diabetes [15-20]. A decrease in IL-4 production has
been found after TCR stimulation of V14i NKT in NOD mice
[21-22]. In many studies, it has been found that the Th2
response of V14i NKT cells, especially IL-4 and/or IL-10,
were important cytokines that are considered protective for
the development of this disease [20]. A decrease in V24+
CD4- CD8- (double negative-DN) cells in peripheral blood
has been reported in humans with type 1 diabetes, compared
to twins and triplets without diabetes. Our working group
demonstrated that the CRTAM molecule favours the
production of IFN- in peripheral blood invariant NKT
(iNKT) cells of patients with type 1 diabetes [9]. There is
also an alteration in the production of IL-4 by V24 NKT cells
as in NOD mice [23].
A decrease in V14 NKT cells has also been found in other
autoimmune diseases in experimental models in mice, such
as experimental autoimmune encephalomyelitis (EAE) and
systemic lupus erythematosus (SLE). In mice with EAE that
present an alteration in the production of IL-4 by V14 NKT
cells, when stimulated with GalCer favours a Th1 response,
this same stimulus without alterations in IL-4 favours a Th2
response that is protective for these diseases [24-28].
In humans with the presence of SLE as well as
scleroderma, it has also been found a decrease in the number
of V24V11+ NKT cells in peripheral blood compared to
healthy patients [29]. Some studies have reported an increase
in + DN cells in peripheral blood in patients with
scleroderma and SLE, it has been proposed in these patients
that other T cells with different rearrangements other than
Vα24 for CRT may be self-aggressive compared to cells with
invariant Vα24JαQ that function as regulatory cells [30].
In patients with multiple sclerosis (MS) there is a decrease
in Vα24JαQ+ cells in peripheral blood compared to control
patients, a decrease in the production of IL-4 by these cells
has also been found. These alterations have not been found in
other autoimmune diseases of the nervous system.
Interestingly, MS cells with Vα24JQ TCR that are rarely
present have been searched for in MS lesions, but these cells
have been found more frequently in chronic inflammatory
lesions of demyelinating polyneuropathy [31-33].
Patients with rheumatoid arthritis also have a decrease of
NKT cells in peripheral blood [34]. It has been found an
increase in Vα24+ DN cells in the synovial fluid. As in
scleroderma, these cells present TCR rearrangements other
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than Vα24JαQ that present greater self-aggression [35].
In experimental models, a potent route of treatment in
autoimmune disease has been found through NKT cells, this
can be achieved by transferring NKT cells to NOD mice
which prevent the development of type 1 diabetes.
Stimulation of NKT cells with α-GalCer can be an important
therapeutic strategy. In NOD mice this treatment prolongs the
survival of pancreatic islets. In humans, administration of αGalCer has toxic effects, causes liver damage and when
administered in old mice causes an increase in NKT cells that
causes death [36]. In other studies, the administration of αGalCer has been carried out in association with IL-7 that
favours a Th2 response but is still in experimental stages.

Figure 1. Comparison of NKT cells between mouse and humans Vα14 / NKT
cells have not shown any difference in cytokine secretion, nor have
chemokine receptor expression been extensively characterized. The type of
cytokines that secrete Vα24 / NKT cells depend on the expression of CD4 +,
CD8 +, DN (double negative).

It should be noted that patients suffering from various
autoimmune diseases, the use of drugs with
immunosuppression effects is well indicated, such as
prednisolone, methrotexate, cyclosporine, etc. These drugs
have effects on the number and functionality of NKT cells, so
the levels should be measured routinely and the functionality
of these cells should be evaluated in these patients since they
play a very important role in the regulation in the
autoimmunity.

139

3. Natural Killer T Cells and
Immunosenescence
Immunosenescence is referred to as the state where there is
a decrease in both the number and the function of the cells
involved in the immune response, this alteration is associated
with aging of animals and humans [37]. It has been observed
that T cells are more dramatically affected with age, although
there is also evidence of alterations in the number, phenotype
and function of other age-related immune system cells.
Among the cells affected in immunosenescence are NKT
cells, which, as mentioned above, have an important function
in the mechanisms of innate immune response [38].
In older mice, a decrease has been found mainly in Vα14i
NKT cells that express a αβTCR. It has also been found a
decrease in the production of INFγ in these cells both at
baseline and after stimulation with IL-12 [39], as well as a
reduction in the number of perforin granules, which favours a
poor cytotoxic response. These alterations of Vα14i NKT
cells of mice associated with age have also been found in
human Vα24i NKT cells. The decrease in the production of
INF causes alterations in the activation of NK cells, which
leads to a decrease in the production of cytokines involved in
the innate immune response (IL-12 and INFα/β) against
bacterial and viral infections [40]. The decrease in number
and alteration of function of the NKT cells observed in aging
contribute to the deterioration of the immune response, which
could favour the emergence of several diseases related to
aging such as infections, tumours and autoimmune diseases
[41].
Maturation and differentiation of NKT cells are mainly
carried out in the thymus, although these functions have also
been found in extrathymic organs such as the liver [42].
There is clear evidence that demonstrates the finding of
pluripotential stem cells with a c-kit marker in the liver,
which originates several cell lines involved in the immune
response, such as NKT cells [43]. This ability to originate, as
well as to favour the maturation and differentiation of NKT
cells by the liver, has a primary role in the compensatory
mechanisms that are carried out in old age [42].
NKT cells that express a γδTCR are referred to as “nonclassical” because they are not restricted to CD1d, these cells
express NK1.1, do not express CD4+ or CD8+, are double
negative. After stimulation with IL-12, these cells contribute
to the production of INFγ but not IL-4 [40]. NKT cells that
express γδTCR are found mainly in the liver and represent 24% of the total NKT cells. These cells are increased at birth,
having a primary role in the protection of the host in early
stages of life until the appearance of NKT cells expressing
αβTCR [44] The NKT cells that express a γδTCR are
preserved in elder humans, because it presents activation of
the CD69 marker and there is no activation of apoptosis via
Fas [45]. These cells show an increase in the production of
INFγ as well as the cytotoxic response, these changes
observed in NKT cells that express γδTCR plays an
important role in compensatory mechanisms in senescence
[46].
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NKT cells play a fundamental role in the regulation of the
immune
response,
the
alterations
observed
in
immunosenescence are an important factor in the appearance
of several classic diseases in adulthood.

4. Natural Killer T Cells and Allergy
It is well known that allergic diseases are caused by an
increase in the expression of Th2 response of CD4+ T
lymphocytes and other alterations and variations of the
immune system upon contact with allergens, with a prior
individual genetic predisposition. In the mechanism
described during the first minutes of the initial contact with
the allergen, the sensitized IgE mast cells stimulates
degranulation, releasing preformed mediators such as
histamine, leukotrienes, chemokines and cytokines, which
favour the presence of hyperreactivity, remodelling and
damage of the airways [47].
NKT cells are involved in some diseases related to
autoimmunity, cancer and recently in allergic diseases
(asthma, allergic rhinitis and atopic dermatitis) and are
closely related to allergen tolerance mechanisms [48, 49].
Recent studies have found the presence of iNKT cells with a
predominance of CD4+ expression in bronchioalveolar
lavages as well as lung biopsies of asthmatic patients (8) and
NKT cells have also been found in the sputum of asthmatic
patients with different degrees of severity [50].
When CD4+ Th2 T lymphocytes are activated they secrete
interleukins such as IL-4, IL-5, IL-9 and IL-13, conditioning
an inflammatory state characteristic of allergic diseases; and
when predominantly CD4+ iNKT cells are activated through
CD1d, they produce IL4 and IL13, similar to the mechanisms
described with CD4+ Th2 T lymphocytes [51]. The iNKT
cells play an important role in the development of bronchial
hyperreactivity (BHR), in some animal studies, it has been
found that these cells alone are capable of developing BHR
[52]. The presence of iNKT cells is related to the severity of
asthma, it has also been found that the presence of these cells
accounts for approximately 10-30% of patients with asthma
who respond poorly to corticosteroid therapy [53, 54].
The iNKT cells are activated through glycolipid antigens
presented by CD1d, some pollens (cypress) have lipid
characteristics that can promote the expression of IL-4 and
IL-13 by the iNKT cells, conditioning BHR [55]. Finding
abundant NKT cells in lungs of patients represent a higher
risk of developing the disease and it is believed that
destroying them and interfering with their activation allows
the prevention of asthma [56-58]. Within the different
mechanisms apparently involved in Asthma development are
TSLP, IL25, TNFα, oxidative stress and NKT cells that play
an important role in the development of asthmatic symptoms,
strongly indicating that these NKT cells are required for the
presence of asthma [47].
It is important to mention that there are 3 types of NKT
cells: Type I (referred to as classic or NKT invariant cells)
are those that express an invariant αβTCR (preserved),
expressed by the Vα14-Jα18 gene in mice and Va24-Jα18 in

humans, restricted to CD1d; Type II (non-classical or noninvariant NKT cells) do not have an invariant TCR, but are
restricted to CD1d; Type III does not have an invariant TCR
nor are they restricted by CD1d, they are restricted by MHCI and MHC-II. Type II and type III NKT cells have also been
implicated in patients with asthma but have been poorly
studied [59-62].
Recent studies have found evidence of CCR9 expression
on iNKT cells in peripheral blood as well as in biopsy
samples of patients with asthma. The iNKT cells exhibit
expression of CCR9 which is stimulated by CCL25 of
dendritic cells (and probably epithelial cells), which
conditions phosphorylation of CD226, which results in T αβ
CD3+ cells being able to target Th2 type response [63, 64].
(Figure 2)

Figure 2. The pathways involved in the synthesis of IL-4 and IL-13 by
invariant NKT cells. The iNKT cells are activated through the antigenic
presentation of exogenous glycolipids (pollens) through CD1d, which
favours the expression of IL-4 and IL-13, which leads to an inflammatory
state in allergic conditions, similar to CD4 + Th2 T cell response. The
expression of IL4 and IL-13 is also favoured by the stimulation of the CCR9
chemokine receptor of the iNKT cells by means of the interaction with
CCL25 of the dendritic cells, which favours the phosphorylation of the
CD226 of the iNKT cells, which causes a Th2 type response in CD3 + T
cells. iNKT: invariant natural killer cells. CD3 + CT: CD3 + T cells. IL-4:
interleukin-4. IL-13: interleukin-13. HRB: bronchial hyperreactivity.

We consider this information important since most of the
recent studies that lay the foundations concerning the
presence of these mechanisms have been performed in mice
and few in humans, specifically in the relationship of NKT
cells and allergy. This is important since it lays the basis for
understanding the immunopathological mechanisms for the
clinical expression of allergic diseases and asthma since
previously they were believed to be mediated only by Th2
cells. However, this activation and regulation may be carried
out in a direct or indirect way through NKT cells.

5. Conclusion
Recently it has been found that NKT cells constitute a
population of T lymphocytes that participate in the innate
immune response and play an important role in the initial
stages of the immune response to many pathogens and
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tumours. Also, there is multiple evidence of the participation
of NKT cells in the regulation of various immunological
diseases such as allergic and autoimmune diseases. These
observations are reinforced when these cells decrease in
adulthood known as immunosenecence, conditioning major
autoimmune, infectious and tumour problems. These cells
should be studied as a therapeutic target and assess their
clinical utility in various diseases where they are involved.
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